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WORK BREAKDOWN STRUCTURE
SUBSYSTEM: AIR INDUCTION WBS CODE 1.5

WBS LEVELS
L' 75 & 7 B

1.5 AIR INDUCTION SUBSYSTEM

1.5.1 Inlet System

1.5.1.1 Fixed Wedge
1.5.1.2 External Ramp

Ramp Panel

Panel Seals
Hydraulic Actuator
Actuator Mechanism
Position Sensors
Panel Hinges

Limit Switches
Panel Stops

1.5.1.3 Internal Ramp

Bleed Panel
Panel Seals
Panel Hinges

1.5.1.4 Throat Ramp

Bleed Panel
Panel Seals
Hydrauliec Actuators
Electric Trim Motor
Panel Hinges
Servo Valves

1.5.1.5 Rear Ramp
Bleed Panel
Panel Seals
Panel Rotation Hinge
Panel Sliding Hinge
1.5.1.6 Duct Dividers
1.5.1.7 1Inlet Lip

1.5.1.8 Throat Section
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SUBSYSTEM: AIR INDUCTION

WBS LEVELS
L5 6 7 B

1.5.1.9 Diffuser Section

1.5.1.10 Bypass Plenum

1.5.2 Bypass Section

1.5.2.1 Bypass Plenum
1.5.2.2 Main Doors

Door Panels

Door Seals

Hydraulic Actuator
Actuator Mechanism
Shock Limit Motor
Door Position Sensors
Bungee Override

Servo Valves

1.5.2.3 Trim Doors

Door Panels

Door Seals

Hydraulic Actuators
Master Cylinder

Door Position Sensors
Trim Actuator
Actuation Mechanism
Servo Valves

Rate Bungee

1.5.3 Air Induction Control System

1.5.3.1 Shock Position Sensors
1.5.3.2 Shock Limit Sensors
1.5.3.3 Buzz Sensor Units

Pressure Level Sensor
Pressure Cycle Sensor

1.5.3.4 Central Air Data Senscr

1.5.3.5 Unstart Sensor
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SUBSYSTEM: AIR INDUCTION

WBS LEVELS

L s 6 T 8

1.5.

1.5.

1.5.

1.5

3.6 Overpressure Sensor
3.7 Automatic Controller

Hydraulic Filters

Signal Conditioning
Analog Drive Assembly
Functional Switches
Hydraulic Control Valving
Electrical Distribution
System Monltors

Limit Switches

Override Controls
Pneumatic Valving

C&D Communications

Time Delay Relays
Hydraulic Rate Control Valving

3.8 Local Mach Unit

Mach Sensor
Servo Switch Monitor

+3.9 Mechanical Follow-up and Trim

1.5.4 Controls and Displays

1.5.4.1 Control Panel

Throat Deviation Indicators

Throat Position Digital Indicators
Pressure Ratio Indicators
Buzz/Reset Lights

AICS Mode Override Switches

1.5.4.2 Co-Pilot Control Box

Mode Switches
Throat Control Knobs
By-Pass Control Knobs

1.5.4.3 Annuncistor Panel

Unstart Lights

Shock Limit Lights
Bypass Door Open Lights
Buzz Lights
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SUBSYSTEM: AIR INDUCTION WBS CODE 1.5

WBS LEVELS

5 6 7 8

1.5.5 Boundary Layer Control System

1.5.5.1 Bleed Chambers

Delta "P" Valves
Check Valves

1.5.5.2 BLC Ducting

1.5.5.3 External Gutter

1.5.5.4 Exhaust Porting
Reverse Flow Door

1.5.6 Ground Tests

1.5.6.1 Models
Subsonic Tests
Tri-sonic Tests
Full Scale Tests
1.5.6.2 Flight Simulator
1.5.6.3 Mockups
1.5.6.4 Engine Test Stand

1.5.6.5 Wind Tunnel
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TECHNICAL DESCRIPTION

SUBSYSTEM: AIR INDUCTION SUBSYSTEM WBS CODE: 1.5

The B-70 Air Induction Subsystem (AIS) consisted of two internal-external
compression multiple shock inlet duct systems, symmetrical about the center-
line of the air vehicle and completely independent mechanically. Each system
governed the air supply to three engines and consisted of a rectangular
variable geometry "inlet", transition ducting between the inlet and the
engines, a varisble area bypass located immediately upstream of the engines,
an inlet boundary layer air-bleed system (BLC), and an air induction control
system (AICS) with its associated controls and displays. Each of the two
inlets were located in the fuselage underslung after body and utilized both
internal and external shock compression. On the XB-T0O, three fixed external
ramps were provided per inlet with the required internal geometry obtained
from three variable throat panels. Two splitters were provided in the main
ducts, each of which supplied air to one engine. All movable panels and
doors of the inlet duct systems were actuated by hydraulic actuators.
Exhibit 1, Page IV-8, presents a plan view of the AIS depicting the
relationship of the inlet in the fuselage underslung after body, the fixed
ramps, the hinged variable panels, and the bypass doors which bypassed the
air from a plenum surrounding the main duct just forward of the engines.

The view shown is that of the RS-T0 inlet with four variable throat panels
and two fixed ramps. Since the forward throat panel was a two position
panel for take-off performance only (being retracted for take-off and extended
shortly thereafter), it was permanently fixed at its extended position on
the XB-T0 with no impact on inflight inlet performance.

Note: Throughout the balance of this section the descriptions apply
to one inlet duct system, unless otherwise noted.

The AIS of the B-T70 was & multi-shock, variable area, convergent-divergent
inlet with essentially four regimes of operation as depicted by Exhibit

2, Page IV-9. During take-off and low subsonic flight (up tc local Mach
number 0.6), the bypass doors were closed and the throat panels fully retracted
to provide maximum air capture area. At high subsonic-low supersonic speeds
(up to local Mach number 1.1), the bypass doors were still closed while the
throat panels moved from the maximum width of 48 inches to approximately 46
inches. (Note: Throat width is sometimes identified as throat height.) At
the intermediate supersonic speeds (up to local Mach number 1.8), the bypass
doors were opened a fixed increment while the throat panels had scheduled to
an approximate width of 41 inches. Above local Mach number 1.8 and at high
supersonic speeds, the bypass doors were modulated for terminal shock con-
trol while the throat panels were scheduled as a function of local Mach
number to a minimum width of approximately 21 inches.

IV-6
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WBS CODE: 1.5

To maintain efficiency throughout the wide range of operating conditions from
take-off to Mach 3 cruise, the variable geometry features of the B-TO AIS
provided continuous match of inlet and engines for maximum inlet recovery and
engine thrust. As previously stated, for take-off, the inlet was at maximum
air capture area with the bypass doors closed to provide the volume of air
demanded by the engines. At low supersonic speeds, oblique shocks formed on
the external ramps for efficient deceleration of the external supersonic air
flow to the subsonic speed demanded by the engines. The terminal normal
shock was outside the inlet since the internal area contraction was too great
to swallow the normal shock at the low supersonic approach speeds. Under
these conditions, the bypass doors were opened sbout 10° to spill the excess
inlet airflow, insure inlet stability, and decrease inlet drag. As the flight
speed increased, the external normal shock was swallowed and the inlet was
said to be "started". At Mach 3 cruise, the external shocks decelerated the
flow to about Mach 2.3 at the cowl lip with the internal oblique shocks
further reducing the flow velocity to about 1.3 Mach at the inlet throat.
This oblique shock network contracted the air flow area to £ the free stream
area and multiplied the static pressure many times. The normal shock (terminal
shock) increased the static pressure by a factor of 2 while the subsonic
diffuser raised the pressure to its highest level at the face of the engine.
The B-70 AIS, at Mach 3 cruise, had a compression ratio approximately ten
times that of the engine.

Exhibit 3, Page IV-10, presents a plan view of the B-70 inlet showing

the shock patterns formed at air vehicle Mach 3. This exhibit also shows the
compression ratio (to free stream static) along the different stations of the
inlet and for the diffuser section. The porous panels noted were part of the
boundary layer control (BLC) which bled off the turbulent skin layer to reduce
inlet drag and to provide increase stability to the terminal shock. Exhibit
4, Page IV-11, presents a graph showing the pressure recovery of the

AIS as estimated and as obtained in flight on air vehicle No. 1 early in

the Flight Test Program. Exhibit 5, Page IV-12, presents a chart

showing the allowable pressure distortion at the engine face and the distortion
data obtained in flight. As indicated, the B-T70 AIS provided the volume of
air demanded by the engines at minimum distortion.
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TECHNICAL DESCRIPTION

SUBSYSTEM:  AIR INDUCTION SUBSYSTEM WBS CODE: 1.5

MAJOR ASSEMBLY: INLET SYSTEM WBS CODE: 1.5.1

The inlet system of the B-TO was designed to capture the free stream air,
decelerate and compress the air efficiently and deliver the air to the engine
at the volume demanded and at minimum distortion. The inlet system also
supplied air for engine compartment cooling, drag chute compartment cooling,
and for the reduction of boat-tail drag (increased the base pressures). As
depicted by previous exhibits, the inlet system consisted of a forward fixed
wedge, a fixed ramp, a fixed porous throat panel, three variable throat
panels (2 porous), a diffuser section, a bypass plenum, two duct splitters
and the hydraulic actuators, mechanisms, sensors, and valving necessary for
the actuation of the movable components. The hydraulic and electrical power
re&uired for actuation was supplied by the Secondary Power Subsystem: WBS
1.4,

The lower half of Exhibit 6, Page IV-18, presents a schematic of the
components and mechanisms incorporated for the actuation of the throat panels.
The master cylinder was controlled by a electro-hydraulic valve driven by
signals from the AICS for all normal throat operations. The electrical
actuator was positioned by a crew controlled three position switch (momentary
"INCR" or "DECR") of the AICS Standby System. The top bungee provided a
pivot point for the master cylinder or electrical actuator operation while
the two lower bungees provided rate controlled follow-up for the servo valves
of the throat panel two hydraulic actuators.

The prime function of the electrical actuator was to provide the capability
of safely decelerating (and landing) from Mach 3 cruise after a master
cylinder and/or normal AICS mode failure. As indicated by the throat panel
linkage, the positioning capability of the throat panels by the standby
electrical actuator depended on the master cylinder position. The control
range of the electrical actuator was as follows:

Master Cylinder Position Elect. Actuator Control Range

1. Maximum throat (48 1 inches) From 48 1 to 32.8 inches

2. For 4O inch throat From 48 { to 25 inches

3. Minimum throat (20.5 inches) From 20.5 to 41.6 inches
IV-16
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WBS CODE: 1.5.1

Hydraulic power for the electro-hydraulic servo valve and mester cylinder
(single systems) was provided by the hydraulic utility system #1 (L.H.
engines). The throat panel hydraulic actuators were tendem (dual actuators)
and were powered by the #1 and #2 utility hydraulic systems. Since the
electrical actuator was driven by two motors with each motor energized by an
independent electrical system, standby throat operation capability was pro-
vided by two independent electrical and two independent hydraulic systems.

In the immediate area forward of the engines (around the duct splitters),

the total circumference of the duct wall was perforated which allowed air to
pass into a plenum identified as the bypass plenum. This plenum provided two
ma jor functions: (1) to supply cooling air for Regime II cooling of the
engine compartments, and (2) to collect excess captured inlet air flow to be
exhausted by the variable area bypass doors. Description of engine compart-
ment cooling may be found under Propulsion Subsystem (WBS 1.3) while subse-
quent paragraphs describe the bypass door operation.

IV-1lT
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TECHNICAL DESCRIPTION

SUBSYSTEM: AIR INDUCTION SUBSYSTEM WBS CODE: 1.5

MAJOR ASSEMBLY: BYPASS SYSTEM WBS CODE: 1l.5.2

The bypass systems of the B-TO AIS were designed to maintain inlet duct-
engine compatibility at maximum inlet duct recovery throughout the B-TO
flight regime. At supersonic speeds, the position of the normal shock
essentially determined the inlet duct efficiency as related to pressure
recovery, engine face distortion and inlet stability for both the "started"
and "unstarted" regimes of operation. In the "unstarted" speed range, the
normal shock was positioned externally near the cowl lip of the inlet to
minimize captured air flow spillage behind the shock. For the "started"
speed regime, since a normal shock cannot be held on a converging slope, the
shock was "swallowed" and maintained on the divergent slope of the inlet
throat. The closer the normal shock was maintained to the minimum area of
the throat, the higher the pressure recovery of the inlet (it also required
tighter shock control).

As previously stated, the engine was a constant volume demand pump while the
inlet was a mass air flow device. The equalizer between the two was the
normal shock phenomenon which varied the pressure recovery of the inlet.

The control of the normal shock was accomplished by varying the excess air
flow captured by the inlet. For a constant volume demand, & decreased by-
pass door ares decreased the excess airflow and the normal shock moved for-
ward; an increase in bypass area increased mass flow and the normel shock
moved aft. Since inlet-engine match was determined by the normal shock
positioning, it was used as the basic control of bypass door operation. The
pre-determined desired position of the normal shock was controlled by the
AICS which sensed the shock position by pressure taps and signaled for an
increased or decreased bypass area.

The bypass system for one inlet duct was comprised of one pair of trimmer
doors, two pairs of main doors, and the hydraulic actuators, mechanisms,
sensors, and valving necessary for the actuation of the movable components.
The bypass doors were located on the upper mold line of the wing directly
over the bypass plenum as depicted by Exhibit 7, Page IV-23. BEach

pair of doors consisted of two panels of which one opened outward and the
other inward to provide variable area nozzle conditions during the initial
opening of the doors. The electrical and hydraulic power required for
actuation and control of the doors was supplied by the Secondary Power
Subsystem: WBS 1.k

iv-21
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WBS CODE: 1.5.2 -

The top half of Exhibit ©, Page IV-18, presents a schematic of the
controlling mechanism for the palr of trimmer doors and one set of main doors
(the other set of main doors were in parallel)., Exhibit 8, Page IV-24,
presents a picture of the bypass master cylinder and the dual motor

electrical actuator installation. As with the throat control, normal
operation of the bypass doors was through the master cylinder which was con-
trolled by an electro~hydraulic valve driven by signals from the AICS. The
electrical actuator, which had full authority as backup control for the doors,
was positioned by a crew controlled three position switch (momentary "INCR"
or "DECR") of the AICS Standby System. The bungee on the right of the exhibit
provided the pivot point for master cylinder or electrical actuator control
movements. The trimmer doors operated at a rate of approximately 40O square
inches per second and were powered by a dual tandem hydraulic actuator. The
primary or main doors normally operated at & rate of approximately 16 square
inches per second and were also powered by dual tandem hydraulic actuators.
As noted by the schematic, the main doors were slaved to the trimmer doors
with the difference in travel rate absorbed by a bungee. With this arrange-
ment, the high rate trimmer doors provided the necessary bypass for "fine-
tuning" shock control while the large - low rate primary doors provided gross
shock control.
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TECHNICAL DESCRIPTION

SUBSYSTEM: AIR INDUCTION SUBSYSTEM WBS CODE: 1.5

MAJOR ASSEMBLY: AIR INDUCTION CONTROL SYSTEM WBS CODE: 1.5.3

Each inlet duct system of the B-TO AIS was controlled by an Air Induction
Control System (AICS). The function of the AICS was to position the throat
panels and bypass doors as required to maintain high total pressure recovery,
minimum inlet drag, stable inlet airflow and provide matching of inlet mass
flow to engine volume demand. The AICS essentially consisted of the automatic
electro-hydraulic system, the override functions and the backup or standby
system. For control of the inlet duct system, the AICS used pneumatic
signals from one local Mach (Ma) transducer, one pressure ratio transducer,
two buzz sensors, two unstart sensors, movable surface positions, and inclu-
ded signals as selected by the crew for normal performance, high performance,
low performance, and standby operation. Exhibit 9, Page IV-29, pre-

sents a general diagram of the AICS showing by block diagram the functions
and control interfaces of the AICS.

The automatic electro-hydraulic functions of the AICS utilized the various
pressures and pressure ratios sensed at predetermined locations in the inlet
duct system and positioned the movable components per predetermined throat
and bypass schedules. Exhibit 10, Page IV-30, presents the schedules

for the throat panels and bypass area as a function of Ma and shock position,
respectively. As noted, during take-off, landing, and at speeds below Ma
0.6, the throat panels were full retracted and the bypass doors closed. For
these flight conditions, the performance mode switch was in the standby
position which shut off hydraulic pressure to the electro=-hydraulic servo
valves and positioned these servo valves pressure ports to hydraulic return.
In this configuration, it required two distinct signals, a 0.6 Ma and an
"Auto" mode selection, before the master cylinders could become operative
and shift positions during this critical flight regime. At a MA of 0.6,

the AICS mode switch was placed in the "Auto" position by the crew which
connected the electro-hydraulic servo valves to hydraulic system pressure so
that the master cylinders were operative for automatic positioning control.

For flight speeds above Ma of 0.6, the normal performance mode of operation
was selected by the crew which scheduled the throat and bypass as indicated
including an automatic inlet "start" at Ma 1.86 (air vehicle Mach 2). The
low performance mode could be selected by the crew if severe downstreams
transients were anticipated, such as an engine shutdown. The high perfor-
mance mode was selected for stabilized flight conditions only at high super-
sonic speeds.

1V-26
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WBS CODE: l.543

The restart control function, which was an override function in the "Auto"
mode, was armed at Ma 1.86 by signals from either of the two inlets local
mach transducers. Upon detection of an unstart by the unstart sensors,
signals were directed to the cockplt to illuminate the unstart warning lights
and the AICS reset light-switch. Simultaneously, signals were transmitted
which opened the throat plus 8 inches, selected a downstiream shock position
control, and switched the opening rate of the main bypass doors to maximum
for a period of 2 seconds (after which normal rate was resumed). After
restarting, the unstart warning lights went out but the AICS reset switch
remained illuminated to indicate the throat panel at plus 8 inches schedule
and the shock on downstream control. This inlet duct configuration was
maintained until the control system was returned to the original operational
mode by manually depressing the AICS reset switch.

Each duct had two unstart detection systems which were independent except
for the common duct pressure sources. Each system received two pressure
signals from the duct. When the normal shock was at its scheduled position
in the duct, the ratio of the two pressures was a given valve. With expul-
sion of the normal shock from the duct, the ratio became a higher valve
which initiated the restart function.

Exhibit 11, Page IV-31, presents a composite graph of normal inlet

starting and unstarting during a slow acceleration and decelerstion through
air vehicle Mach 2 (Ma = 1.86). Since this was the Mach range for normal
starting (nearly a natural phenomenon during air vehicle acceleration),
reaction of inlet pressures were very slow when compared to that presented
by Exhibit 12, Page IV-32. This exhibit shows the rapid reaction
(pressure recovery parameter) of a typical inlet unstart and restart at high
supersonic speeds. As indicated by the pressure recovery parameter, there
were two (plus) duct pressure cycles during the restart which was not
uncommon at high mach numbers. However, six or more pressure cycles was
classified as "duct buzz" which could occur very rapidly if the condition
that caused the unstart prevented & satisfactory restart.

The buzz control system was armed at all times in the "Auto" mode and was an
overriding function. Each duct had two independent buzz detection systems
located in the duct diffuser area. When variations in the sensed pressure
were of a magnitude and rate considered detrimental to structure and/or
engine, the overriding buzz control function was initiated. Upon buzz
detection, signals were directed to the cockpit to illuminate the buzz
warning lights and the AICS reset switch. Simultaneocusly, signals were trans-
mitted which selected the downstream shock position for bypass door control
and switched operating rate of the main doors to maximum for a period of two
seconds. After the elimination of the buzz signal, the buzz warning lights
went out but the AICS reset remained illuminated to indicate the inlet was
still on downstream shock control. As with the unstart, this configuration
was maintained until the AICS reset switch was manually depressed.
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WBS CODE: 1.5.3

The electro-hydraulic automatic functions of the AICS had a single system for
the control of the throat panels and bypass doors. However, the backup or
standby control had dual systems for the recovery of an unwanted duct config-
uration caused by an automatic system failure. The standby control also pro-
vided pilot control of the AICS during emergency flight conditions, such as
an encapsulated deceleration and descent from high altitude supersonic
cruise. The standby control of the AICS was provided via electrical
actuators which positioned the power actuators control linkages as shown by
Exhibit 6, Page IV-18. The electrical actuators, which were

energized by switches on the copilot's panel or by either capsule control,
were each driven by two motors with each motor energized by an independent
electrical system.

For "Standby" control, the actuators could be energized individually to
obtain the desired throat panel and/or bypass door position. For "Emergency"
control, the three position switches energized the throat panel and bypass
door actuators (on one inlet) simultaneously to drive the bypass doors full
open and the throat to 39 inches. Simultaneously, the hydraulic power to
the electro-hydraulic master cylinders was cut off, causing the cylinders to
hold their position. To increase the margin to unstart in this mode, the
performance selector switch had to be placed in the "low" performance
position prior to movement of the mode switch to the "Emergency" position.
The momentary closing of the thrust control switch in either the pilot or
copilot capsule also drove the throat panels and bypass doors to the
positions noted above.
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TECHNICAL DESCRIPTION

SUBSYSTEM:  AIR INDUCTION SUBSYSTEM WBS CODE: 1.5

MAJOR ASSEMBLY: CONTROLS AND DISPLAYS WBS CODE: 1l.5.4k

Air Induction Control System indications were provided in the cockpit at the
copilot's station for standby control and for monitoring the autamatic con-
trol functions. Exhibit 13, Page IV-37, presents the basic layout

for the AICS controls and displays on the copilot's instrument panel which
contained the AICS switches shown in the layout of Exhibit 14, Page IV-38.
The AICS warning lights were located with the other subsystem

warning lights in the annunciator panels which made up the forward section
of the center aisle console.

The "Throat Mach Schedule" and "Bypass Area" were digital readouts in terms
of air vehicle mach number and total bypass area in square inches, respec=-
tively. These indicators were used primarily for monitoring the automatic
control and override functions. However, on standby control, these indicators
were used in conjunction with switch operation for correct positioning of
the throat and bypass doors. The "Shock Position" indicator was a dial-
pointer display showing the location of the terminal normal shock in the
inlet. The pointer of the instrument wes positioned by a sensor which pro-
vided a signal that was a function of the ratio of & total pressure sensed
at FS 1292 and a static pressure sensed at FS 1383. The "Pressure Ratio"
dial indicated the duct efficiency and was essentially a monitoring
indicator.

The "Buzz" and "Unstart" warning lights were provided to indicate the pre-
sence of these abnormal inlet conditions. Both the buzz and unstart indie
cating systems were completely dual and provided indication in all AICS con-
trol modes. As previously stated, the unstart was armed at Ma 1.86 or above
while the buzz system was available at all mach numbers. A "Shock Aft"
warning light was provided to indicate the shock was aft of a predetermined
limit during the started inlet regime. It was also utilized to indicate that
the bypass doors were not fully closed at low air vehicle speeds. The aft
shock was sensed by a sensor whose output was an electrical signal as a
function of pneumatic pressure ratios sensed at FS 1292 and FS 1Lu43. A
"Throat Extended" warning light was provided to inform the flight crew if
the throat panels were positioned at 39 inches or less when the air vehicle
speed was below Ma 1.1. The "AICS Cool" indicator light was discussed under
ECS: WBS 1.2.
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TECHNICAL DESCRIPTION

SUBSYSTEM: AIR INDUCTION SUBSYSTEM WBS CODE: 1.5

MAJOR ASSEMBLY: BOUNDARY LAYER CONTROL WBS CODE: 1.5.5

The Boundary Layer Control System (BLC) was incorporated in the B-TO to
remove the boundary layer air from three major areas. BLC ducting was pro-
vided between each engine air inlet and the lower wing surface to remove the
boundary layer air formed under the wing forward of the inlets. This air
discharged overboard through an exit on the top surface of the wing. Porous
surfaces were provided on the four walls of each inlet forward of the throat
to remove the boundary layer formed along these inlet surfaces. This air
was bled into compartments (chamber T & II) and then ducted to exits

located underneath the air vehicle below the bleed chambers. The walls of
the inlet throat area were also porous and this boundary layer air was bled
into compartments or chambers III, IV & V. The air from chamber III (air
from chamber IV passed into chamber III through check valves) was ducted aft
to the engine compartments where valving either directed the air to the base
area or for engine compartment cooling (Regime III cooling; see Propulsion:
WBS 1.3). The air from chamber vV was ducted to the same exits as for
chambers I & II.

The BLC performed a major function in the control of the inlet normal shock,
increased inlet duct recovery, and reduced inlet drag. The boundary air
ducted aft also increased the base area pressures and reduced the boat tail
drag. The reduction in inlet drag was realized because the turbulent boundary
layer air was removed from the surfaces and provided in airflow that was more
leminar. The increased inlet duct recovery was due to increased efficiency

in normal shock control and a larger inlet airflow capture area (relatively)
due to the BLC bleed reduction of boundary layer thickness.

The increased efficiency of inlet normal shock control during the inlet
"started" regime of operation is graphically shown by Exhibit 15, Page
IV-42, The two pictorial presentations show an inlet throat with and
without BLC bleed. Without porous bleed, in addition to a thick boundary
layer, the normal shock impingements spread and creeps forward in the lower
static pressures. The phenomenon of shock impingement creep and the build
up of boundary layer reduces the effective total pressure area and the normal
shock moves forward due to the high static pressure downstream. Once the
normal shock passes the minimum throat area, it is expelled completely out
of the inlet since a normal shock can not be held on a convergent surface.
As shown by the presentation, an inlet with BLC bleed has a thinner boundary
layer and the shock impingements are bled off which result in a stable shock
and a high effective total pressure.
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SUBSYSTEM:

TECHNICAL DESCRIPTION

AIR INDUCTION SUBSYSTEM

MAJOR ASSEMBLY: GROUND TESTS

‘ Space Division
North American Rockwell

WBS CODE: 1.5

WBS CODE: 1.5.6

The major effort expended on ground tests of the Air Induction System was

wind tunnel testing.

This testing effort involved eleven different models

(scaled) and two unscaled assemblies for a total of 5,235 charged tunnel

hours. The test units and their scale were as follows:
Models Scale
l. Preliminary Inlet Duct Research .0k
2. Preliminary Inlet Duct Research .05
3. Infinitely Variable Duct None
4. Base Pressure Neo
5. Base Pressure .0b5
6. Porous Material Research None
T. Supersonic Diffuser Ob
8. Inlet Control .10
9. Inlet Control 25
10. 1Inlet Control (HSD) L0l
11, Inlet, Inlet-Engine STT
12. 1Inlet Force LOb
13. Inlet Duct - I .05
14, Inlet Duet - III .05
15. Inlet Duct - IIIR .05

IV-Lk
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‘ Space Division
North American Rockwell

WBS CODE: 1.5.6

The wind tunnel tests were conducted to establish and confirm the basic
inlet geometry and to verify the control of the inlet as well as the compati-
bility of the inlet with the engines. The tests included 3,138 actual test
hours on the .OL scale models for basic inlet geometry and T1T test hours on
the .25 model in the 10 ft supersonic tunnel of Lewis Propulsion Laboratory
for inlet recovery, inlet control parsmeters, BLC, and dynamic response.

The tests conducted on the .577 model at AEDC for inlet-engine compatibility,
required 560 test hours and included extensive engine operation up to Mach
3.0. In addition, 245 hours of testing were conducted utilizing the .10
scale model of the full inlet configuration, i.e., both inlets and incor=-
porating air vehicle features, to verify control parameters and the air
induction system.

Exhibit 16, Page IV-46, presents a picture of the .S5T7 scaled model

of one inlet duct system. This model was 1/3 area scale of the air vehicle

or full scale for one engine. Exhibit 17, Page IV-47, presents the

.577 test results. Also shown on the graph is the .25 scale tests and depicts
the close agreement between the estimated match (inlet/engine) and the test
results of the two models.

Other ground tests conducted on the AIS, in addition to that performed by
subcontractors on the buzz, unstart, and local Mach sensors/transducers,
included a "breadboard" mockup of the control system. These tests were con-
ducted to establish circuitry, power levels, accuracy, resolution, and fre-
quency response requirements of the control system hardware. The inlet
parameters were also incorporated into the computer system of the Flight
Control Simulator. This provided excellent crew training and early evalu-
ation of system control layout, system responses, and air vehicle re-actions.

IV-45
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’ Space Division
North American Rockwell

TECHNICAL DRIVER

SUBSYSTEM: AIR INDUCTION SUBSYSTEM WBS CODE: 1.5

DRIVERS: BYPASS SYSTEM WBS CODE: 1.5.2
BYPASS DOORS WARPING/SEALING

The bypass doors were designed to provide convergent-divergent area nozzles
for the initial opening. This was accomplished by shape and by opening one
door panel outward and the other panel inward: see Exhibit 6, Page

IV-18. The door panels, especially the mains, were long and narrow which
inherently resulted in door sealing and warping problems. (This design was
necessary since the doors were located on the wing mold line and deflective
surfaces had to be kept to & minimum.)

After considerable effort fitting the doors prior to flight, it was found
that air loads, with the working loads, warped the doors and resulted in
poor sealing at low speeds. Warped doors had little impact on system
operation at supersonic speeds since shock control was a function of airflow
area not door position and also, the inlet duct pressures were higher than
ambient. However, at low speeds where the inlet duct pressures were less
than ambient, the warped doors (poor sealing) resulted in reverse airflow
causing some engine face pressure distortion.

Although rework to the doors were made to strengthen the torsional modes,
complete satisfactory operation was not achieved. This was due mainly to
the nature of the Flight Test Program and its objectives; within these pro-
gram goals the bypass doors were satisfactory. Exhibit 6, Page IV-18,

and Exhibit 7, Page IV-23, present schematics of the bypass doors.

IV-49
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TECHNICAL DRIVER

SUBSYSTEM: AIR INDUCTION SUBSYSTEM WBS CODE: 1.5

DRIVERS: AIR INDUCTION CONTROL SYSTEM WBS CODE: 1.5.3

At the onset, the Air Induction Control System (AICS) was a dual electro-
mechanical system with the control packaged for installation in the
electronic equipment bay. In the second quarter of 1962, a review of the
control unit development program was conducted with the subcontractor to
negotiate late changes (as a result of wind tunnel tests) and possible
rescheduling. In June, 1962, due to the technical and scheduling problems
encountered during the program review, the AICS subcontractor was terminated
and the development effort of the control unit was assumed by North American
Rockwell (NR).

The NR system established was a single electro-hydraulic automatic system
with dual standby capabilities and utilized pneumatic and electronic
techniques compatible with the established mechanicel and hydraulic
actuation mechanism. To facilitate design, packaging of the hardware was
not to be a restraint with that equipment requiring environmental control
installed in a package located in the weapons bay. This AICS package had
its own ECS (see ECS: WBS 1.2) and was similar to the Flight Test Instru-
mentation Package located in the forward part of the weapons bay.

Since the NR design was started late and due to the complexity inherent in
an automatic system development, it was decided that an interim manual
system with sautomatic functions would be installed in air vehicle No. 1
prior to flight and retrofitted later with the full automatic system. The
full automatic system was incorporated in air vehicle No. 2 prior to its
first flight. This scheduling problem essentially put two AICS designs in
development, however, the interim system development was mostly involved
with the integration of "off-the-shelf" hardware. It differed mainly in
that the buzz and restart functions were copilot initiated, the throat was
scheduled by air vehicle Mach number biased by a manual copilot control,
and the bypass doors were manually controlled by the copilot for shock con-
trol. The copilot manual controls for the interim system were located on a
horizontal plate attached to the copilot's flight control column. Extensive
training was required on the flight control simulator to train the crew in
the use of the interim system.

IV-50
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North American Rockwell

TECHNICAL DRIVER

SUBSYSTEM: AIR INDUCTION SYSTEM WBS CODE: 1.5

DRIVERS : - AIR INDUCTION CONTROL SYSTEM WBS CODE: 1.5.3
SENSORS AND TRANSDUCERS

The B-70 requirements for the Air Induction Control System (AICS) dictated
the development of extremely accurate high temperature sensors and trans-
ducers. The high temperature requirement in itself did not present a parti-
cular difficult problem, however, obtaining the desired accuracy at high
temperature necessitated an extensive research and development program with
some schedule impacts in delivery.

The initial problems encountered with the development of the buzz and un-
start sensors was the late delivery of Statham transducers which were the
heart of the basic sensors. The late delivery of the pressure transducers

was caused by unsatisfactory signal to noise ratios. Although further
development showed the high noise level to be caused by strain wire attachment
techniques, it continued to plague the flight test program in specific sensor
instances.

In addition to the noise problem, the local Mach transducer had an undesir-
gble "dead band" at the Mach 3 end. This phenomenon appeared as drop-off

in throat scheduling after the air vehicle had experienced slight yaws

which changed the local Mach at the inlet. This small dead band at the Mach
3 end of the schedule was not satisfactorily solved during the flight test
program. The impact of the condition was minimized by the copilot's in-
flight trimming of the throat with the standby electrical actuators.

The buzz sensor was a complex dual pressure sensing device. The sensor was
designed for a bleed type bypass which was maintained as a reference point
for inlet pressure levels. It also imposed on this reference point the
dynsmic pressure cycles during inlet dynamic conditions. The design require=-
ment was for the sensor to provide a signal when six or more pressure cycles
occurred with a given amplitude above a pre-determined inlet duct pressure
level schedule. In addition to the previously mentioned noise problem, the
development effort centered around determining the correct air passages and
their required flows. Although the ma jority of buzz sensors were satis-
factory, repeatability was below standard and several false inflight buzz
signals did occur during the flight test program.

IV-51
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"' Space Division
North American Rockwell
DEVELOPMENT DATA SUMMARY

weS TITLE: _AIR INDUCTION SUBSYSTEM __ WBSCODE: 1.5

STATE-OF-THE.ART RATING: _4 (See Remarks)

PERCENT DEVELOPED MATRIX:

- PRIOR TO FLIGHT FLIGHT TEST
CONFIGURATION GROUND TEST

[PROGRAN LEVEL Log (av1) 80%(av2) 76% 294

[EFFORT TO GO 82¢ (AV1) Lhg(AV2) Log 89%

GROUND TESTS

TYPE OF TEST NUMBER OF UNITS | TEST HOURS

CONFIGURATION RESEARCH (1) (2) 10 2,700
DESIGN FEASIBILITY - -
DESIGN VERIFICATION (1) (2) 18 3,905
AIRWORTHINESS 15 2,500
QUALIFICATION (1) - -
OTHER - -
TOTAL 43 9,105
REMARKS:

(1) Does not include actuator testing by the Hydraulic Group WBS 1l.4.1
(2) Does not include the following wind tunnel tests:

1. Preliminary Inlet Duct Research
2. Preliminary Inlet Duct Research
3, Infinitely Variable Duct

4. DBase Pregsure
5 Bage Pressure

7. Supersonic Diffuser
8. Inlet Control

9, Inlet Control
10. Inlet Control (HSD)
11. Inlet, Inlet/Engine
12. Inlet Force
13. Inlet Duct -1
14. Inlet Duct - III
15. Inlet Duct - III R

6. Porous Material Research

.04 scale
.05 scale

no scale

.04 scale
.045 scale

no scale

.04 scale
.10 scale
.25 scale
.04 scale
.577 scale
.04 scale
.05 scale
.05 scale
.05 scale
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‘ Space Division
North Amenican Rockwell

WBS 1.5 AIR INDUCTION SUBSYSTEM

otate of the Art:

The Air Induction Subsystem was assigned an overall state-of-the-art rating

of 4 based on definitions established using AFSCM173-1 (11-28-67) as a guide.
This rating was determined by comparing the RS-70 requirements with the
existing capabilities at the RS-70 time period using state-of-the-art criteria
discussed in subsequent paragraphs. The R3-70 configuration was selected for
the comparison since it was the production configuration defined. This
selection is considered valid since the development status at "out-the-door"
and at program "end" is also based on the scheduled production configuration.

The definitions used in determining the state-of-the art ratings are described
below. For ratings 3, 4, and 5, the following B-70 design criteria was used
as an aid for rating selection.

A. High temperature application

B. High pressure/load/acoustics/etc., application

C. Light-weight/special materials/unique processes

tin Description
1 The item was off-the-shelf commercial item or a standard military

igsue which was installed "as-is."

2 The item was off-the-shelf commercial item or a standard military
issue which required only a physical modification for installation.

3 The item was considered within the state of the art but had no
commercial or military counterpart. As an aid, the item was
existing but required modification to be compatible with one
of the design criteria. Also, any new design or process has
a rating of at least 3.

A The item was slightly beyond the state of the art, and some
development was required. As an aid, the item was based on an
existing concept but required modification to be compatible
with two of the design criteria. Also, any new design or
process required to be compatible with one of the design criteria
will be rated 4.

5 The item was substantially beyond the existing state of the art
and required major development work. As an aid, any new design
or process required to be compatible with two of the design
criteria will be rated 5.

IV-53
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WBS 1.5 —_

At the onset of the RS-70, the Air Induction Control System (AICS) of the
Air Induction Subsystem (AIS) was a total subcontractor effort and was comprised
of a dual electromechanical automatic control with a single manual backup
system. This system was cancelled and an NR system implemented which was a
single electrohydraulic automatic control with dual manual backup. It is
the opinion of the AICS Design Group that the NR system would have been
satisfactory as a production configuration if repackaged and given time for
full development. The AIS with the NR AICS is the overall subsystem that
was assigned a state-of-the-art rating of 4 based on the established ground
rules and the Design Group's declaration. It should be noted that the dual
electromechanical automatic control system, if used in this appraisal, would
have been assigned a state-of-the-art rating of 5.

Percent Developed:

The AIS development status percent comm risons of the XB-70 configuration to
that scheduled for the R5-70, were made at two development stages; one at
prior to flight or "out-the-door" of the No. 1 air vehicle and the other
for the flight test programs. The same methodology developed and verified for
the Airframe Structures Subsystem (WBS 1,1) percent comparisons was applied
in the analyses of the AIS status. The analysis for the AIS was slightly
more complex than that for the structures since three configurations are
involved. The first system was the fully automatic dual electromechanical
AICS upon which considerable development effort was expended before cancel-
lation., However, the basic design criterla established during the initial =
phase was valid and applied in thé design of the NR system. The NR AI3
configuration for the No. 1 XB-70 was different than that for Air Vehicle
No. 2 which had the NR fully automatic AIC3., The Nol XB-70 had an interim
AICS which was manual with automatic features and was the configuration used
in the percent comparisons at time of "out-the-door." For the comparisons
made of the flight test programs, consideration had to be given to the fact
that the XB-70 test program involved two AICS configurations. For the
ground test programs, the No, 1 XB-70 configuration did not have to be
considered since all effort was directed toward a fully aitomatic system
development and the interim system was only installed due to a scheduling
problem.

The fully automatic AIS installed in XB-70 No. 2 was assessed at 80% of a
production level status, being downgraded essentially due to the packaging
employed (electronics installed in large ECS package in weapons bay instead
of the avionics bay of the air vehicle). The No. 1 XB-70 had the same
packaging employed but also had the pllot in the control loop to bias control
scheduling and to perform the "unstart" and "buzz" override functions. 3ince
these functions that were performed by the pllot were a major part of the
AIC3, the No. 1 air vehicle was assessed as being approximately 50% of the
fully asutomatic system installed in XB-70 No., 2. This analysis then shows
that at the tine of "out-the-door" the XB-70 configuration represented 40%
of that planned for the R5-70,

IV-5k4
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’ Space Division
North American Rockwell

WBS 1.5

To determine what expenditures would have been required to attain a first
air vehicle production level status, the same curve used for the Structures
Subsyatem was utilized for the AIS; Exhibit 18, Page IV-57. BEntering

the exhibit on the left hand side at 40%, across to the curve and then down
to the bottom scale, it shows that 82% more effort would have been required
for a No. 1 RS-70 AIS configuration, excluding ground test effort. 1In
regard to the ground test effort, the ground tests scheduled for the RS-70
at time of "out-the-door" was approximately 17,900 test hours not including
the Hydraulic Design Group effort on actuators. Comparing this test effort
with the 9,105 test hours expended on the XB-70 AIS, it shows that the
testing level or verification level of the XB-70 to be approximately 51% of
that planned for the RS-70 AIS at the prior to flight time period. This
shows that 49% more testing effort was required to attain the production
level status for a No. 1 air vehicle at the "out-the-door" time period.
Entering Exhiblit 18, Page IV-57, On the bottom scale at 51%, it shows

that the No. 1 XB-70 was at a confidence level of approximately 76% prior
to first flight.

The XB-70 flight test program for the AIS was established at 19% of a
production level status as presented by Exhibit 13, page II-23, under Air
Vehicle: WBS 1.0, This would indicate that 81% more flight testing effort
than expended would be required for a production level effort. However, not
only were two different configurations flown (air vehicles No. 1 and No. 2)
during the flight test program, the flight envelope explored was 80% of the
R3-70 envelope including "g's," yaws, rolls, etc; see Exhibit 1k4, page

IT-24, under Air Vehicle: WBS 1.0. Since the 19% flight effort established
was based on a direct comparison of equivalent test hours, the effort expended
must be adjusted to reflect the two different configurations flown and the
envelope explored. Throughout the XB-70 flight test program, the test
conditions were scheduled between air vehicles No. 1 and No. 2 so as to
minimize the impact of the interim AIC3S in air vehicle No. 1. Based on this
control scheduling, the AIS equivalent test hours were weighted at 80%.

Since approximately one half of the total AIS test hours (9.5%) were flown

on air vehicle No. 1, the equivalent flight test hours were reduced from 19%
ta 17% (80% x 9.5% + 9.5%). This 17% was used as the base in the calculations
performed to reflect the XB-70 flight envelope impact in the following
paragraph.

As previously established for the Airframe Structures Subsystem (wBS 1.1),
the first 80% of the flight envelope requires only 60% of the total effort
compared to the last 20% of the envelope which requires 40% of the total
effort., For the AIS, this 2 to 3 ratio was directly applicable since all
of the test hours were flown in the first 80% of the flight envelope. Using
thisratioasaweight factor so that direct comparison can be made based on
the RS-70 flight envelope, the flight test effort expended on the XB-70 was
adjusted by the equation 2:3:: x :17%. Based on this equation, the total
flight test effort remaining to attain a production level status for the
AIS would be 40% + 60% - (2 x 17 + 3) or 89% (where 40% is that effort
required for the last 20% of the flight envelope).

V=55
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WBS 1.5

In summary, the prior to flight status comparisons are: (1) the XB-70 No. 1
AIS was 40% of an RS-70 AIS and would require 82% more expenditure for
configuration and 49% more ground testing effort; and (2), the XB-70 AIS
flight test program was 11% of the planned RS-70 program effort with 89%
more effort required to attain the production level status. All of the
above comparisons are based on tooling, test articles, GSE, etc., being

at the RS 70 or production level in both numbers and fidelity. Exhibit

18, Page IV-57, presents a graph showing the AIS percent comparisons.

NOTE: THE USE OF THE "EFFORT TO GO" PERCENTAGES
FOR COST DETERMINATION SHOULD NOT BE
APPLIED WITHOUT CONSULTING SECTION IV-8,

VOLUME I, PAGE 310 FOR APPLICATION
CONSIDERATIONS.
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DEVELOPMENT SUMMARY
TABULATION OF DATES

SUBSYSTEM: AIR INDUCTION

ENGINEERING

Mold Line Configuration Change - Inlet Duct
Revise AICS Spec Requirements

Complete Design-Actuators

* Start NR AICS System Design

Complete Basic Desigh AICS Components

Start Drawing Release - Automatic AICS System

TESTING

Start A/W & Accept. Testing AICS Component AV #1
Complete Wind Tunnel Tests (Scale Inlet/Engine)
Complete Sub/Cont. Testing AICS Components AV #1
Start Flight Testing AV #1 AICS (Flight #5)
Start Flight Testing AV #2 AICS (Flight #5)
Complete Flight Testing AV #1 AICS (Flight #49)

MATERIALS (SUBCONTRACT)

Initial Subcontract Go-Ahead

Start Procurement AICS Components

Cancel Hamilton Standard Controller
Complete Basic Detail Procurement

Receive Subcontract Items AV #1 AICS at NAA

MANUFACTURING

Start AV #1 Detail Fabrication

Complete Fabrication & Assembly AV #1 (Excluding
Sensors)

Stop Work AV #3

Complete Fabrication AV #2

Complete AV #1 Installations

IV-59

Space Division
North American Rockwell

WBS CODE: 1.5

3-20-59
12-16-60
5-26-61
6-01-62
9-17-62
10-05-62

12-20-61
9-27-62
1-11-63
2~16-65
9-17~65
5-09-66

12-12-58
1-27-61
6-22-62
10-23-62
3-14-64

4-28-61

10-23-62
3-06-64
3-19-64
6-16-64
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‘ Space Division
North American Rockwell

DESIGN/PROGRAMMATIC NARRATIVE

SUBSYSTEM: AIR INDUCTION CONTROL WBS CODE: 1.5

3-20-59 to 6-30-59

Configuration changes affecting the mold line were made to the
wing and duct inlet. Engineering authorization for fabrication
in the duct area structure was delayed until July 1, 1959.

10-2-59 to 12-16-60

A problem was experienced in regard to duct deflection out of
tolerance condition which resulted in a stop work on tooling.
Problems ultimately resulted in revisions to AICS specifications
on December 16, 1960, thus delaying submittal of firm design
information to subcontractors.

12-16-60

Revision to AICS procurement specifications as a result of design
changes to the inlet ducts.

10-19-61

Engineering (NAA) incorporated a change to the AICS system to
preclude shock wave movement out of one engine air intake duct
due to improper sperture control. The condition could cause
yaw and jeopardize safety of the air vehicle.

1V-61
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’ Space Division
North American Rockwell
WBS CODE: 1.5

6-22-62

A decision was reached by NAA Management to cancel the Hamilton
Standard AICS controller. This caused removal of parts already
installed in AV #1. An alternate design release was currently
under way at NAA for the AICS, It was decided to install the
modified manual AICS on a mode basis.

8-31-62

A decision was reached to install the improved manual AICS prior to

the first flight of AV #1. The improved system required honeycomb
panel rework, installation of eight, two~inch conduits; considerable
wiring which ranged from the instrument panel to the weapons bay;

and numerous long leadtime purchased items. Fabrication of an
equipment package similar to that used for instrumentation was also
required. Further air vehicle modification was required for the second
system along with the addition of more purchased components consisting
of synchros, electrohydraulic valves, and instrument panel controls.
These systems affected AV #1 only.

10-31-62 to 6-8-66

Problems with Buzz and Unstart Sensors from Marquardt started with

late availability of Statham Transducers. Noise level problems with
the sensors developed and were thought to be caused by method of strain
wire attachment to transducers. This problem continued, i.e.,, with
sensor noise and unstarts, until the conclusion of the flight test
program on AV #2. A more detailed description of the problems
experienced will be reflected under the flight test area of this report.

12-31-62

Late unavailability of Statham transducers impacts delivery of Buzz
and Unstart Sensors to NAA.

5-1-63

A decision was reached not to install the AICS in AV #1 until after
first flight.

IV-62
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‘ Space Division
North American Rockwell
WBS CODE: 1.5

7-1-63

The first half shipset of sensors failed at NAA during system checkout
on AV #1 and were returned to the subcontractor for analysis and repair.

3-14-64
All AV #1 AICS hardware had been received at NAA; however, problems
were still being experienced with sensors at the subcontractor for

AV #2,

3-27-64 to 2-17-65

Structure problems were encountered on AV #1 which actually impeded
completion of installation, operations and checkout of the AICS.

At this point, the AICS was not the driving factor but structure
problems were. Though these problems are too numerous to mention,
selected areas are defined for reference purposes as follows:

. Door sealing and warping.

Sealing problems,

. Bracket changes for the sensors.

Inlet ramp rigging delayed until completion of structure work.
. Interference problems with AICS bypass doors.

Closeout of doors held up for structure repairs.

U W

5-11-64 to 6-8-66

Flight test records indicate that the AICS for AV #1 was generally
satisfactory in operation. This statement should be qualified to
indicate satisfactory operation for a development aircraft, The Buzz
and Unstart Sensor reliability was unsatisfactory but did not prove
to be as problematical as for AV System #2,

The fully automatic AICS for AV #2 was generally satisfactory in
operation but was classified in the 'not completely developed"
category due to the following problem areas that needed refinement:

1. There was local mach scheduling drop-off at high mach numbers.
This resulted in improper throat scheduling at high speed
and contributed to several inadwertent unstarts. This d4id
not necessarily occur in straight flight but when the aircraft
. yaved.

1V-63
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‘ Space Division
North American Rockwell

WBS CODE: 1.5

The improper throat schedules as noted above were the major
cause of unstarts or the inability of the Automatic Shock
Control to prevent unstarts. One of the major goals was the
development of the AICS to prevent inadvertent unstarts.

The component reliability of the AICS was not as good as
desired. In particular, the Buzz and Unstart Sensors were
unsatisfactory. The electronics in general, Buzz and Mach
logic computer, Buzz and Unstart power supplies, valve
driver and throat deviation contro}l, and the associated
computer modules were subject to malfunctions and failures.

IV-6k
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’ Space Division
North American Rockwell

COST DEFINITION

SUBSYSTEM: AIR INDUCTION WBS CODE: 1.5

Total costs of $19,060,408 presented in this WBS item include all
jidentifieble expenditures to design, develop, ground test, fabricate
and assemble all components, assemblies and developmental test hardware
within the Air Induction Subsystem as defined by the WBS. Total
expenditures include the following items:

a) Development of subsystem specification requirements.

b) Subsystem installation and integration design.

¢) Vendor coordination.

d) In-pouse ground testing including the design and fabrication
of models, mockups and simulators.

e) Subcontracted hardware including the supplier costs for
engineering, manufacturing, tooling and testing.

f) In-house and subcontracted wind tunnel tests.

Specifically excluded from the expenditures are:

g) Fabrication and assembly of the structural items of the
inlet system (WBS 1.5.1) and the bypass system (WBS 1.5.2).
These costs are included in the production costs of the
intermediate fuselage (WBS 1.1.5). The costs can not be
segregated from the intermediate fuselage.

h) Fabrication of subsystem provisions (shelves, brackets, clips,
clamps, wire harnesses, etc.).

i) Miscellaneous purchased parts and installation materials.
This includes the fabrication and purchased parts of the
Air Induction Control System (WBS 1.5.3) returned in-house
after the cancellation of Hamilton Standard. (See Sub-
contractor Data Sheet, page IV-68.

J) Installation of the subsystem equipment into the vehicles.

k) Subsystem, vehicle and preflight checkout.

1) Government furnished wind tunnel testing.

Costs for items h) through k) are contained in WBS 1.12 (Volume IV, page
647). Internal accounting procedures and the resultant cost reports
do not provide a basis for establishing expenditures for these items by
individual subsystems. Therefore, all costs are collected and reported
in one WBS item. Refer to WBS 1.12 for additional information.

Detail of the recorded costs associated with this subsystem is provided
by Element of Cost (EOC) and Subdivision of Work (SOW). Section IIT of
Volume I provides a detail definition of these items. Further segregation
of the cost data is provided by the WBS. All cost data is displayed at

IV-65
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Space Division
North American Rockwell

o\

WBS CODE: 1.5

WBS level 5 (Air Induction Subsystem WBS 1.5) with the exception of
in-house ground testing (WBS 1.5.6). Cost data can be located on the
following pages:

Cost Time-Phased

Breakdown Detail
WBS 1.5 $12,999,030 page IV-70 page IV-71
WBS 1.5.6 Ground Tests 6,061,378 page IV-70 page IV-85

Total WBS 1.5 $19,060,408 page IV-70 page IV-9L

A summary of the subcontractor recorded cost data is provided on page
IV-68. Contractual arrangements, delivery dates, costs by supplier,
quantity of hardware delivered and other pertinent data is provided.
Cost data includes the supplier expenditures for engineering, production,
tooling and testing (where identifiable) performed at the supplier's
facility. Refer to the subcontracting Element of Cost definition
(Volume I, page I-26) for additional explanation.

As an aid in the definition and evaluation of the in-house engineering
costs associated with this subsystem, a matrix of engineering hours has
been developed. This matrix, displayed below, is & summary of all the
in-house engineering groups that provided support to the design and
development of the Air Induction Subsystem.

Group No. Title Hours Expended

4 Fluid Power System 76,006

6 Controls System 32,411

14 Wind Tunnel Models 261,674

55 Flight Control Analysis 6k ,054

96 Wind Tunnel Projects 24,696

99 Auxiliary Control System 107,818
132 Thermodynami cs 36,131
134 Wind Tunnel Projects 2k, k99
155 Propulsion Sciences 3,406

Total Engineering Hours 630,695

WBS 1.5 319,826 hours (page IV-70)
WBS 1.5.6 310,869 hours (page IV-70)
630,695 hours

Ground testing activities associated with the development of the Air
Induction Subsystem have been identified and the costs assigned to WBS
1.5.6 (page IV—85). These costs reflect the in-house expenditures only.

IV-66
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Element of Cost.

o\

Description

Wind Tunnel Models

.577 Scale Inlet Duct Model

.10 Inlet and Ramp Flutter Model

Airworthiness Testing of #2AICS Panel Actuators
AICS Breadboard & Development Testing

«25 Inlet Control Model

AICS Airworthiness Testing

AICS Airworthiness Testing of Components
Airworthiness Testing of #AICS Bypass Actuator
Ramps-Air Induction System - Fatigue Test
Bypass Trimmer Actuator Cylinder

Bypass Manual Door Actuator

AICS Buzz and Unstart Sensors

Bypass Shock Limiter Cylinder

AICS Breadboard

Various

Costs (Less MPC & G&A)
Material Procurement Cost
General and Administrative

Total Cost WBS 1.5.6

IV-6T7

Space Division
North American Rockwell

WBS CODE: 1.5

Testing activities performed by the subcontractors where identified are
included under WBS 1.5, TEBt/QC Subdivision of Work and the Subcontracting
The following is a summary of the major in-house test
activities identified to this subsystem.

Recorded Costs

$2,276,514
1,355,925
607,976
241,590
207,737
150,541
109,161
106,728
92,942
66,924
60,725
52,094
21,337
17,704
17,499
538,470

$5,923,867
52,977
84,534

$6,061,378
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‘ Space Division
North American Rockwell

"

SUBCONTRACTCR MATRIX

Subsystem: Air Induction WBS Code: 1.5
SUBCONTRACTOR ' ENGINEERING PROD TOOLING TEST TOTAL
Hamilton Standard 6,120,046 | 1,151,980 | 31,404 - 7,303,430
Marquardt 872,077 702,590 - 144,733 | 1,719,400
Statham 49,361 138,865 - 90,775 279,001

TOTAL 7,041,484 11,993,435 | 31,404 235,508 | 9,301,831

HAMILTON STANDARD was selected to produce the B-70 Air Induction Control System.
Two letter contracts were awarded to Hamilton Standard for this effort:

L961-G-600108 February 19, 1959 - December 22, 1959
LOE1-X2-600215 August 24, 1960 - June 21, 1962

The Statement of Work for the two purchase orders directed the subcontractor to
conduct analytical, design, and other necessary studies leading to the selection,
optimization, and definition of an Air Induction System compatible with the B-70
Weapon System and NR Specification NA58-532 and NR Specification NA58-228.

Purchase Order 600108 was in the early stages of design and development when the

contract was termlnated on December 22, 1959 for the convenience of the -
Government. A total of 718 drawings were produced, 1600 pieces of experimental

hardware were in process, and 55 fixtures had been fabricated at the time of

termination.

A 1/25 scale model of the B-70 air inlet was completed and installed in the

17 inch by 17 inch Unitéd Aircraft wind tunnel. Testing was started on

June 17, 1959 to determine the control characteristics for angle of attack and
yaw changes in the higher flight speed regimes. A total of 170 test hours were
conducted on the system before the contract was terminated. The cost of the
test effort was not segregated by the subcontractor amd is therefore included
in the Engineering cost for Hamilton Standard.

When the B-70 program was reinstated, Letter Contract 600215 was awarded to
Hamilton Standard to continue the Air Induction Control System. The Statement
of Work called for the subcontractor to design, develop, fabricate, test,
package and deliver the Air Induction Control System.

Purchase Order 600215 was terminated for convenience by NR on June 21, 1962 due
to the magnitude of unresolved technical problems and their estimated cost and
schedule impact on the program. The required system performance was beyond the
current state-of-the-art. It was determined that 59.2% of the effort was
completed at the time of termination.

IV-68
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‘ Space Division
North American Rockwell
WBS CODE 1.5

MARQUARDT was selected to produce the Duct Buzz and Inlet Unstart Sensors for
the Air Induction System of the XB-70.

Letter Contract LaE1-YJ,-600416 was awarded to Marquardt on August 1, 1962 and
terminated March 6, 1964.

The Statement of Work called for the subcontractor to design, develop, fabricate,
test, package, and deliver the Duct Buzz and Inlet Unstart Sensors including
Power Supplies and data for the XB-70 Air Vehicles 1, 2, and 3. The negotiated
schedule called for the airworthiness test report by December 1, 1962 and hard-
waredelivery from November 26, 1962 through Febiryary 1, 1963. Air Vehicle 3
was 50% complete at time of termination.

The residual inventory identified to Purchase Order 600416 was co-mingled with
the residual inventory from Purchase Order L3E1-X0-600540 which was issued for
spare parts. The inventory was shipped to NR for spare parts requirement except
items which were considered to be of no potential use. The usable tooling was
delivered to NR for storage.and disposal. All proceeds were credited to the
above contract.

The final cost of spares contract 600450 was $72,775.

STATHAM was awarded Letter Contract L3E1-X0-600543 for High Temperature Trans-
ducers for the Air Induction Control System for the XB-70 Air Vehicles 1 and 2
on August 7, 1963 and closed August 6, 1964.

The Statement of Work called for Statham Instruments to perform research,
development, testing, and related engineering studies in connection with material
and fabrication processes to manufacture the required transducers for Air
Vehicles 1 and 2.

The principal effort in this program was the improvement goal of optimizing the
strain wire, strain wire attachment method, insulators, diaphram material, and
compensating resistor stabilization.

Certain items of residual inventory were retained by Statham in the amount of
$3,447. The remaining inventory was delivered to NR for dispostion, and the
proceeds credited to the appropriate contract.
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NORTH AMERICAN ROCKWELL CORP.
SPACE DIVISIODN

DATA PREPARED UNDER

NASA CONTRACT NAS9-12100

CGST BREAKDOWNS
B~70 AIRCRAFT STUDY

4—SYSTEM 1
5-SUBSYSTEM 05
AIR INDUCTION SUBSYSTEM

6-M ASSY
$]
HOURS
DCLLARS
DESIGN/ENG INEERING 319826
LABCR AT $ 4,93} 1656085
ENGR BURDEN AT $  4.282 1477416
SHOP SUPPORT
LABCR AT $ 3,113
TEST/QC
LABOR AT $ 3,115
MFG BURDEN AT $ 3,908
ENGR MATERTIAL
SUBCONTRACT 93019831
MPC 359906
WIND TUNNEL
OCTHER COST
SUB-TCGTAL 12795238
GEN & ADMIN 203792
TOTAL COST 12999030

SUBDIVISION OF WORK
COST DETAIL - SEE PAGE LV-T71

IV-TO

6-M ASSY
06

HCURS

DOLLARS

31C869
1454077
1223139

151165
47C016¢

19036
31264
625614

546220

52377
1243178
326113

5876844
84534

6061378

Iv-85

APRIL 1572

TOTAL
HOURS
DOLLARS

6273695
3110162
2700515

151065
470196

1C13s
31264
629614

546226
9301831
412883
1243178
326113

18772082
288326

— e e —— - -

15C60408

IV-9k



NORTH AMERICAN ROCKWELL CORP.

SPACE DIVISION

DATA PREPARED UNDER
NASA CONTRACT NASG9-12100

4=-SYSTEM 1
5-SUBSYSTFM OS5
5-MAJ ASSY D

DESIGN/ENGINCER
LABLR AT &
£NGF PURDEN

SUBCGNTRACT
MPC

SUB-TOTAL

GEN & ADMIN

TOYAL COST

COST BREAKDCWNAS
AIRCRAFT STUDY

B-7C

AIR INDUCTION SUBSYSTEM

DESIGN

/ENGR
HLURS

DCLLARS

INC
501738
AT

316826
1656335
4.61€ 1477416
7041484
24937

TIME-PHASED COST

DETAIL - SEE PAGE IV-73

IV-Tl

PRCD

HCURS
OOLLARS

1693425

32473

Z

2836178

333¢7

nd
F4

117045

v-77

APRIL

TCOLING
AND STE
HQURS
DCLLARS

v-78

1872

TeST

YASIM
ROURS

BOLLAR S

235538
19275

259507

IvV-79



NORTH AMERICAN ROCKWELL CORP. APRIL 1972

SPACE DIVISION
DATA PREPARED UNOER

NASA CONTRACT NAS9-12100

4~SYSTEM 1
5-SUBSYSTEM 05
6~-MAJ ASSY 0

DESIGN/ENGINEERING
LABOR AT $ 5.178
ENGR BURDEN AT 3

SUBCONTRACT
MPC

SUB-TCTAL
GEN & ADMIN

TOTAL COST

COST BREAKDOWNS
B=7C AIRCRAFT STURY

AIR INDUCTION SUBSYSTEM

TOTAL
HCURS
DOLLARS

313826
1656085
4,615 1477410

93C1R31
3599506

12794523¢
203792

129593130

TIME-PHASED COST
DETAIL - SEE PAGE IV-81

IV-72
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NORTH AMER ICAN ROCKWELL CORP. APRIL 1972
SPACE DIVISION

DATA PREPARED UNDER

NASA CONTRACT NAS9-12100

TIME PHASED EXPENC.
B-70 AIRCRAFT STUDY

DESIGN/ENGINEERING
4—-SYSTEM 1

5-SUBSYSTEM 05 AIR INDUCTION SUBSYSTEM
6~MAJ ASSY O

SUBD OF WORK DESIGN/ENGINEERING

ON-SITE LABCR

MAN- LABOR LABOR LABUOR BUREEN LABOR +

MONTHS HOURS RATE DCLLARS DOLLARS BURCEN %

58 3.0 563 4. 668 2628 2561 5189
g: 3¢€.C 6170 443217 2669¢ 24231 5CS30
Zg 49,5 8406 4.359 36638 23866 65504
23 57.0 10159 44246 43136 36366 19502
53 16045 27é93 4.558 127122 102668 229791
Zg 211.5 35427 4.68¢C 1658CE 127830 293638
Z? 268.5 4587¢ 4.751 218424 153663 371481
2} 135.0 245391 5.172 127181 113203 240394
Z; 153.0 26149 5414 141568 119814 261382
23 181.5 30478 54356 163345 152911 316256
2% 182%.0 30662 5.5G8 171647 164500 336147
2; 153.0 25619 50632 1442817 145006 289293
22 120.0 20456 5. 800 1188890 129469 248349
2: 1C6.5 18658 5.817 108536 118739 2272178
22 3S.0 6717 6. 844 45968 44312 90280

IV-T3



NORTH AMERICAN ROCKWELL CORP.
SPACE DIVISION

DATA PREPARED UNCER

NASA CONTRACT NAS9-12100

4—-SYSTEM
5-SUBSYSTEM
6—MAJ ASSY
SUBD CF WORK

MAN—
MONTHS

Q=2 65
Q-3 65 12.6
TOT AL 186¢€.0C

TIME PHASED EXPEND.
B-70 AIRCRAFT STULY

DESIGN/ENGINEERING

1

05 AIR INDUCTION SUBSYSTEM
e

CESIGN/ENGINEERING

ON-SITE LABCR

LABUR LABOR LABOR
HOURS RATE DOLLARS

1962 T.24C 14204
319az2¢ 165635

IV-Th

BUR CEN
PDLL ARS

12877

1477415

APRIL 1472

LABUR +
BURDEN %

28081

3133571
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NORTH AMERICAN ROCKWELL CORP.

SPACE DIVISION

DATA PREPARED UNDER

NASA CONTRACT NAS9-12100

4—-SYSTEM

5~-SUBSYSTEM 05

6-MAJ ASSY
SUBD UF WORK DESIGN/ENGINEERING

53
523
53
58
59
59
59
59
6
60
60
60
61
61
€1
61
62
62
(o ¥4
62
63
63
03
63
64
64
64
64
65
€5
65

TOTAL

MAN-
MONTHS

3.0
36.0
49.5
57.C
16C.5
211.5
26845
135.C
153.¢
181.5
13C.0
153.0
12C.0
106.5

39.0

12.G

. 1866.0

LABGR
HOURS

563

6170

8406

10159

27893

35421

4587¢

24591

2€14S

36478

30662

25619

20496

18658

6717

1962

319826

LABOR
RATE

4.668
443217
44359
4,246
4.558
4.68C
4. 761
5.172
5.414
5356
5.598
5.632
5.8C0
5.817
6. 844

T1.240

Iv-T5

TIME PHASED EXPEND.
B-70 AIRCRAFT STUDY

AIR INDUCTION SUBSYSTEM

LABCR
DCLLARS

2628

26699

35663¢

4313¢

127123

156580¢

218424

127191

141568

163345

171647

1442817

11888¢C

108539

45968

14204

1656085

BUR DEN
DOLL ARS

2561
24231
28866
36366
102668
127830
153063
113223
113814
152911
164500
145C06
129469
118739

44312

13877

1477416

APRIL 1972
LABOR +
BURDEN $ SUBC
5189
50930
65504 65441
79502 933030
229791 680229
293638 242842
371487 825792
240394 736562
261382 14165656
31625¢€ 1416568
336147 5951¢C1
289293 99055
248349 30295
227278
90280
28081
3133501 7041484



NORTH AMER ICAN ROCKWELL CORP.

SPACE DIVISIGN

DATA PREPARED UNDER

NASA CONTRACT NAS9-121G0

4~SYSTEM

5-SUBSYSTEM
6-MAJ ASSY
SUBD CF WORK DESIGN/ENGINEERING

-1 58
—2 58
-3 58
-4 53
-1 53
—2 53
-3 59
-4 59
-1 60
-2 60
-3 60

Q-4 63

~

 »]

DOODODO

-1 61
-2 61
-3 61
-4 61
-1 62
-2 &2
-3 62
-4 62
-1 63
-2 63
-3 43
63
&4
t4
64
64
65
65
65

|
WA =W N~

TOTAL

MPC

1134
25455
4C357
14408
23659

211C3

44980
2527¢C
3133

41¢€0

249370

SuB
TOTAL

5189
5C93¢C
132679
1C38027
S5C377
5508818
1224938
6G8C59
1722572
1777204
956518
361531
282804
2272718
90230
<8081

10424355

18108
10496
22¢6€89
18547
28520
2984C
15593
6546
6C18
4836
2409
146

165151

IV-T76

TIME PHASED EXPENC.
B-70 AIRCRAFT STUCY

AIR INDUCTION SUBSYSTEM

TaTAL
CesT

51RS

5093 ¢

132679

1038027

6684385

561384

1243627

1C166C¢

1751842

1807644

972511

393077

284822

232114

92689

2383¢C

10583506

APRIL 1972



NORTH AMERICAN ROCKWELL
SPACE DIVISION

DATA PREPARED UNBER

NASA CONTRACT NAS9-12100

4—SYSTEM 1
5-SUBSYSTEM 05

6-MAJ ASSY 0

SUBD OF WORK PROODUCTION

s5usC MPC
Q-1 59 133g6 355
Q-2 59
Q=3 59 189C18 5164
Q-4 59
Q-1 60 137266 8143
Q-2 60
Q-3 69 43459 2578
Q-4 60
Q-1 61 1517sS9 4062
Q-2 61
Q-3 61 134883 3864
Q-4 61
Q-1 62 297342 9450
-2 62
Q-3 &2 268641 9482
Q-4 62
Q-1 63 3895086 16776
Q-2 63
Q-3 63 145453 4674
Q-4 63
Q-1 &4 187CS2 25695
TOTAL 1993425 90243

CORP,

TIME PHASED EXPEND.
B-70 AIRCRAFT STUDY

AIR INDUCTION SUBSYSTEM

sus
TOTAL

13751
194182
145409

46C31
155861
138747
306792
308123
411862
1501217
212187

2683678

IV-TT7

G & A

277C

8717
2896
2578
515¢C
5172
6886
2510
4528

33367

TOTAL
CCsT

13751
194182
148179

46914
153757
141325
311942
313295
418748
152637
217315

2117045

APRIL 1972



NORTH AMERICAN ROCKWELL CORP.
SPACE DIVISION

DATA PREPARED UNDER

NASA CONTRACT NAS9-12100

TIME PHASED EXPEMD.
B~70 AIRCRAFT STUCY

4-SYSTEM 1
5-SUBSYSTEM 15 AIR INDUCTION SUBSYSTEM

6~MAJ ASSY 0
SUBD CF WORK TOCLING AND STE

SUB TOTAL
susc MPC TOUTAL G & A CCST
W=1 59 341 S 35C 350
Q-2 59
Q=3 59 4867 132 4999 4599
Q-4 59
Q-1 60 3545 210 3759 72 3821
Q-2 &9
Q-3 623 1274 15 1349 26 1375
Q-4 60
@-1 61 432C 123 4443 A2 4526
Q-2 61
Q-3 61 3860 110 357¢C T4 4C44
Q-4 61
Q-1 62 7C5¢C 224 71274 122 7396
Q-2 62
Q-2 €2 5730 193 5973 150 6C73
Q-4 62
Q-1 63 3C 1 31 31
0-2 63
Q-3 63 208 6 214 ~ 214
0-4 63
Q-1 64 115 15 13¢C 3 133
TOTAL 314C4 13388 2492 48C 32972

IV-78

APRIL 1972



NORTH AMERICAN ROCKWELL CORP.
SPACE DIVISION

DATA PREPARED UNDER

NASA CONTRACT NAS9-12100

TIME PHASED EXPEND.
8-70 AIRCRAFT STUDY

4-SYSTEM 1

5-SUBSYSTEM 05 AIR INDUCTION SUBSYSTEM
6-MAJ ASSY 0

SUBD GF WIORK TEST/QC

MAN- LABOR LABOR L ABOR BURDEN
MUNTHS HOURS RATE DOLLARS DOLL ARS

62
62
62
62
63
63
63
63
&4

DCOoODDOLLODYOD
|
—N L N e N e

TOTAL

IV-T9

APRIL

LABOR +
BURDEN $

1972

SJscC

9838

9801

73413

38968

103488

235508



NORTH AMERICAN ROCKWELL CORP.

SPACE DIVISIGN

DATA PREPARED UNDER

NASA CONTRACT NASS-12100

4= SYSTEM

5-SUBSYSTEM
6-MAJ ASSY
SUBD OF WORK TEST/QC

60
60
60
60
61
61
61
61
62
62
62
62
63
63
63
-63
64
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|

[ T I I |
bW N e DN e
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TOTAL

MPC

311
3117
1252

14213

19205

SuB
TGTAL

G220
117701

254713

TIME PHASED EXPEND.
B—70 AIRCRAFT STuDY

AIR INDUCTION SUBSYSTEM

G & A

170
169
1280
671
2504

4794

1v-80

TOTAL
COST

10320

10281

77310

40891

120205

259507

APRIL 1972
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NORTH AMERICAN ROCKWELL CORP. APRIL 1972
SPACE DIVISION

DATA PREPARED UNDER

NASA CONTRACT NAS9-12100

TIME PHASED EXPENC.
B-70 AIRCRAFT STUCY

DES IGN/ENGINEERING
4-SYSTEM 1
5-SUBSYSTEM 05 AIR INDUCTION SUBSYSTEM

6-MAJ ASSY 0

ON-SITE LABOR

M AN- LABGR LABQOR LABOR BURDEN LABOR +
MCN THS HOURS RATE DOLLARS DOLL ARS BURDEN %
53 3.0 563 4,668 2628 2561 5189
22 36.0 6170 4e 321 26695 24231 50930
gg 49.5 8406 44358 3663¢E 28866 65504
22 57.0 10159 4.246 43136 36366 79502
22 16C.5 27893 44558 127123 162€68 229191
:g 211.5 35427 4.63C 165808 127830 293638
2? 268.5 45876 4,761 218424 153063 371487
2: 13¢.0 24591 5.172 127191 113203 240394
2; 153.C 26149 5.414 141568 119814 261382
gg 181.5 3047E 5.359% 163345 152911 3162506
2§ 18C.0 30¢€62 5.598 171647 164500 336147
2; 153.0 25618 5.632 144287 145006 289293
:2 12C.C 20496 5.80C 11888C 129469 248349
:2 106.5 18658 S.817 10853¢ 118739 2272718
2; 39,0 6711 6.844 45968 44312 90280
65

1V-81



NORTH AMERICAN ROCKWELL CORP. APRIL 1972
SPACE DIVISION

DATA PREPARED UNDER

NASA CONTRACT NASS-1210C0

TIME PHASED EXPEND,
B-70 AIRCRAFT STUQY

DESIGN/ENGINEERING
4=-SYSTEM 1

5-SUBSYSTFM 05 AIR INDUCTION SUBSYSTEM
6~MAJ ASSY 0

ON-SITE LABCR

MAN~ LABQOR LABQOR LABUR BURCEN LABOR +

MONTHS HOURS RATE DCLLARS DOLLARS  BURDEN $

Q-3 65 12.0 1962 7.24C 14204 13877 28081
TOTAL 1866.0 31982¢ 1656085 1477415 3133501

1V-82



NORTH AMERICAN RGCKWELL CORP.
SPACE DIVISION

DATA PREPARED UNDER

NASA CONTRACT NAS9-12100

TIME PHASED EXPEND.
B-70 AIRCRAFT STUDY

4—~SYSTEM 1
5-SUBSYSTEM Q5
6-MAJ ASSY 0

MAN- LABOR LABOR
MONTHS HOURS RATE
Q-1 58 3.0 563 be658
Q-2 58
Q-3 58 36.0 6170 4e327
Q-4 58
Q-1 59 49,5 840¢ 4.1359
Q-2 59
Q-3 59 57.0 10159 44246
Q-4 593
Q—1 66 16C.5 27893 4,558
Q-2 60
Q-3 60 211.5 35427 4.68C
Q-4 60
Q-1 61 268.5 45876 4.761
Q-2 61
Q-3 61 135.C 24591 S5.172
Q-4 61
Q-1 62 152.0 26149 5.414
Q-2 62
Q-3 62 181.5 30478 5.359
Q-4 62
Q-1 63 18C.C 30662 5598
Q-2 63
Q-3 63 1532.0 25€18 5.632
Q-4 63
Q-1 64 12C.0 2049¢ 5.800
Q-2 64
Q-3 64 10€E.S 1865¢%8 5.017
Q-4 64
Q-1 65 39.0 - 67117 6.844
Q-2 65
Q-3 65 12.0 1962 T7.240
TOTAL. 1866.0 319826

1v-83

AIR INDUCTION SUBSYSTEM

LABOR
DCLLARS

2628

26699

3663¢

4313¢

1271212

165808

218424

127191

141568

163345

1716417

144287

118880

108536

45968

14204

1656085

BURDEN
DOLL ARS

2561
24231
28866
36366
102668
127830
153063
113233
119814
152911
164500
145006
129469
118739

44312

13877

1477416

APRIL 1972
LABOR +
BURDEN $ SUBC
5189
50930
65504 79178
79502 1126915
2291791 821044
293@38 287575
371487 981911
240394 87530%
261382 1730799
316256 1730800
336147 1763630
2892973 283684
248349 3209930
227278
50280
28081
3133501 93018131



NORTH AMERICAN ROCKWELL CORP. APRIL 1972
SPACE DIVISION

DATA PREPARED UNDER

NASA CONTRACT NAS9-12100

TIME PHASED EXPEND,
B=7C AIRCRAFT STULY

4=SYSTEM 1
5-SUBSYSTEM (5
6—MAJ ASSY N

AIR INDUCTION SUBSYSTEM

sus TOTAL
MPC TOTAL G & A cas?y
-1 58 5189 5186
Q-2 58
Q-3 58 5063¢C 578613¢C
-4 53
Q-1 5% 2Cs8 146730 l4678¢C
Q-2 59
Q-3 53 30761 1237208 1237208
Q-4 59
Q-1 60 481710 1C956545 20851 1129495
Q-2 69
Q=3 60 17061 568274 11396 £09672
Q=4 60
Jg~1 61 27844 1281242 25668 1406917
-2 61
G-3 61 25C17 1142776 2117S 116197¢
Q-4 61
-1 &2 55007 2047138 34362 208155¢C
Q-2 62
Q-3 62 54656 2102012 35281 2137293
Q-4 62
N~-1 63 45164 1444941 24156 14691¢C¢C
-2 63
Q-3 63 9115 582C392 9727 5918156
Q-4 63
-1 64 44CE3 613422 13053 626475
=2 64
0-3 64 227218 483¢ 232114
Q-4 64 .
Q-1 65 90230 2409 32685
-2 65
Q-3 65 28081 149 23830
TOTAL 3599C6 127952133 203792 129991130

Iv-84



NORTH AMER ICAN ROCKWELL CORP.
SPACE DIVISION

DATA PREPAREL UNDER

NASA CONTRACT NAS9-12100

COST BREAKDCOWNS
B8-70 AIRCRAFT STULY

4—-SYSTEM 1
5-SUBSYSTEM 05
6-MAJ ASSY 06
AIR INDUCTION GROUND TESTS

TOTAL
OURS
DCOLLARS

0869
14540177
1223199

1765
4701906

D036
31264
629614

546226
529177
1243178
326113

$976844

84534

TESTY
/QC
HCOURS H
DOLLARS
DESIGN/ENGINEERING 310869 31
LABOR AT $ 4.677 1454077
ENGR BURDEN AT & 3.935 1223199
SHOP SUPPORT 151065 15
LABOR AT $ 3.113 470196
TEST/QC 10036 1
LABCR AT $ 3.115 31264
MFG BURDEN AT ¢ 3.508 ' 629614
ENGR MATERIAL 546226
MPC 52977
WIND TUNNEL 1243178
OTHER COST 326113
SUB-TCTAL 5975844
GEN & ADMIN 84534
TOTAL COST 6061378

TIME-PHASED COST
DETAIL - SEE PAGE  IV-86

V-85

6061378

Iv-86

APRIL 1972
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NORTH AMER ICAN ROCKWELL CORP,
SPACE DIVISION

DATA PREPAREC UNDER

NASA CONTRACT NAS9-12100

TIME PHASED EXPEND.
B-70C AIRCRAFT STUDY

DESIGN/ENGINEFRING
4—-SYSTEM 1 _
5-SUBSYSTEM 05 AIR INDUCTION GROUND TESTS

6—MAJ ASSY 06
SUBD CF WORK TEST/QC

CN-SITE LABGR

MAN- LABOR LABCR LABCR
MONTHS HOURS RATE  DOLLARS
58 42,6 7153 4.378 31314
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